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Abstract

The (110) faces of lysozyme crystals in their mother
liquor have been investigated using an atomic force
microscope (AFM) in height mode. Crystal growth
and dissolution steps, as well as simultaneous growth
and dissolution in pits, have been observed. Screw
dislocations were also observed but the fine structure
has not yet been investigated. Images that may
possess molecular resolution were obtained and com-
pared with theoretical images based on the crystal-
lographic structure and the effects of arbitrary tip
profiles. Crystallographic periodicities of 38 and
112 A were observed. A recurring feature is a
centered periodic array of minima that may be
associated with one of the two nearly planar sheets
of molecules present in the crystal that are parallel to
the (110) faces.

1. Introduction

Durbin & Carlson (1992) demonstrated that the
atomic force microscope (AFM) could be used to
observe growth steps on the surfaces of lysozyme
crystals in their mother liquor. They observed the
time course of nucleation, spreading and merging of
two-dimensional islands to form successive layers of
the crystal. More recently, Durbin (1993) has
reported the observation of screw dislocations.

We have undertaken this study to complement the
work of Durbin et al. by exploring the capabilities of
an alternative image-collection technique. A brief
description of the microscope will provide the basis
for understanding the two primary methods of data
collection. Our AFM, a Digital Instruments (1990)
Nanaoscope II, utilizes piezoelectric crystals to scan
the sample under a tip that is maintained in contact
with the surface. The tip contacting the surface is
attached to a cantilever (see Fig. 1), the deflection of
which is monitored with a reflected laser beam. The
deflections of the beam are measured with a two-
component diode. The difference signal (4—B)
between the two diode components controls a feed-
back loop that translates the sample in the z direc-
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tion in order that a nearly constant cantilever
deflection be maintained. This results in a nearly
constant force being applied to the sample surface.

AFM data may be collected by operating the
microscope in either force mode or height mode. In
height mode, the translation of the Z piezoelectric
crystal is recorded versus the x and y positions of the
tip. In this way a three-dimensional record of the
surface is obtained. In force mode, the diode signal,
(A — B), indicating tip deflection is recorded versus
the positions of the tip. Although the force mode
does not yield three-dimensional data, it produces a
very clear picture of abrupt changes in surface
topology. Thus, this mode is ideal for observing
where growth steps occur on the surface of protein
crystals, These steps are abrupt changes of 50 A or
more on an otherwise nearly planar crystal surface.
The images of lysozyme previously reported have
been obtained with the force mode. In contrast, data
collected on protein surfaces while operating in
height mode generally cannot be interpreted in their
raw form as easily as can those collected in force
mode. The height data, however, contain more
information that may be extracted with data-
reduction procedures.
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Fig. 1. AFM fluid cell used for imaging protein crystals in aqueous
solution.
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dislocations occur continuously as one progresses
around the screw? What is the nature of growth and
dissolution within pits where many crystal surfaces
are exposed? Much interesting work remains to be
carried out in applying these techniques.
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